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Caveat

The present work is an overview on some few aspects of the dosimetry
and radiation protection in medical fields, mostly derived from my
activity as coordinator of Working Group 12 of EURADQOS (European

Radiation Dosimetry Group)

EURADOS e. V. is registered in the
German Register of Societies as a
non-profit association for
promoting research and
development and European
cooperation in the field of the
dosimetry of ionizing radiation.
86 European institutions (Voting
Members) and 650 scientists
(Associate Members)

https://eurados.sckcen.be/en

WG2 - Harmonization of individual monitoring

WG3 - Environmental dosimetry

WG6 — Computational dosimetry

WG7 - Internal dosimetry

WG9 — Radiation dosimetry in radiotherapy

WG10 — Retrospective dosimetry

WG11 - High energy radiation fields

WG12 - Dosimetry in medical imaging

Pilot Group - Dosimetry in Nuclear Medicine




Summary of the presentation

- Dosimetry in pregnancy

- Dual energy CT dosimetry

- Patient (and staff) dose in interventional procedures
- Total (personalized) dose in Radiotherapy




Dose in Pregnancy

In Diagnostic Radiology, if the fetus is in the beam, the procedure
often can, and should be, tailored to reduce the fetal dose.

TABLE 2
Theoretic CT Doses
Dose (nGy)

Patient No. Mean Maximum

First trimester~
1 9.5 17.4

3.3 6.4

3 5.7 10.9
4 4.1 7.0
5 13.6 26.9
6 4.6 10.8
7 20.2 341
8 20.0 50.1

Second trimestert
9 19.7 33.8
10 17.2 511
11 25.5 71.9
12 7.9 219
13 24.7 75.8
14 76.7 259.5
15 23.5 100.5
16 30.4 119.9
17 13.7 64.4

Third trimestert
18 54.1 277.9
19 56.2 334.0
20 89.7 551.2
21 55.0 365.6
22 130.8 862.1
23 51.3 355.5

Note.—The values reported reflect the calcu-
lated values; however, the level of precision
does not justify the use of four significant
digits.

* Dose range at scintigraphy was 104-296
nGy (data from Russell et al [8]).

T Dose range at scintigraphy was 148-370
wGy (data from Russell et al [8]).
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for each of 23 patients. These data were deter- CT value , HU Absolute dose, mGy

mined by summing the dose contribution
from each of the 44 CT sections in the study.



Aims of the task: To review, validate and compare different €EURADOS
approaches for dosimetry in pregnancy for all imaging modalities
(diagnostic and interventional radiology and nuclear medicine)
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. . . . . ) ) Following incidental/accidental exposure in pregnancy
diagnostic and interventional radiology procedures: Investigation of

clinical routine practice In planned exposures in pregnancy
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% of all answers

Table 2 bl
. Table 3
Percentage. of respondents who use a specific protocol or method to assess foetal Percentage of respondents who use specific information for foetal dose calcu-
dose. Multiple answers were allowed. lations in case of conventional radiography, fluoroscopy and CT examinations.
Protocol or method Percentage of all Information Percentage of all answers (%)
answers (%) Radiography  Fluoroscopy CT
0
Exposure parameters and protocol 91 95 91
Use of conversion coefficients for foetus dose calculation 57 information
from measurable quantities (e.g., calculation of dose to Dose indices 85 85 91
: Patient weight 52 48 46
fo-etus based on er-ltrance surface air k_erma) Gestation age (week, trimester...) 75 66 63
Dedicated commercial or non-commercial software tools 55 Patient height 43 40 38
includin, e Patient circumference or AP diameter 35 37 45
(including the DACS) fi d
Literature data on typical foetus doses 39 Patient age 33 32 38
. Y . . Use of out of field protective tools 15 16 11
Data from National Guidelines or Legislation 29
CT scanner model and manufacturer 71

Measurements using anthropomorphic phantom 15 Measure from in vivo dosimetry if available 8 12 6




Further steps of the task Case 1 €EURADOS

group Stu dy: jggz Va r|a b|l|ty Of the reSUltS €uropean Radiation Dosimetry Group e. V.
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2. Perform measurements
In clinical environment
with a proper plastic
phantom

3. Perform Monte Carlo
simulations (validated
through measurements)
to determine the dose

distribution. Plastic model

voxelized model



Dual Energy CT dosimetry

Dual-energy CT (DECT) can enhance the contrast resolution of CT
images using different X-Ray spectra acquiring multiple energy data
of a given anatomic area simultaneously and at the same time
interval during the gantry rotation.

RADIOLOGIA
Seram
A s 8 80KV 140KV c 120 or 140 kV D 120 or 140 kV
UPDATE IN RADIOLOGY
Dual-energy CT: Technical considerations and clinical )
applications =
o 140k G.C. Fernandez-Pérez**, C. Fraga Pifieiro”, M. Ofiate Miranda“, M. Diez Blanco®,
g J. Mato Chain®, M.A. Collazos Martinez®
. ' | Adlayer detector calcium
Detector A Detector E-layerdetector | | @ Coeeed@ERES | e e ————
e o b e Y = e e s ——
& | |/-
Figure 1  A) Dual source unit where one of the tubes emits high energy (140kV) and a second low energy (80kV), one perpendicul: ! (e -"'-l"';r‘l' """
to the other. The high-energy tube has a tin (Sn) filter, which absorbs low-energy photons to lower noise and increase spectr: = [ I | |
differentiation efficiency. B) System where a single tube rotates rapidly, emitting exposures alternately to high (140kV) and lo E’ 1 ) 1
energy (80kV). C) System with a single tube that emits high energy (either 140 or 120kV). Spectral separation occurs in the detectc ; /{ | 1
where an A layer of yttrium is positioned which separates low energy photons, allowing high energy photons to interact on a secon § 1 1 1
B layer of gadolinium oxysulfide. D) Filter system in the X-ray tube which causes the beam to be divided into two low and hig 2 — e waterl | [
energy emissions (split-filter). £ J/ 11 I
.§ 11 Iy
> / 1 1 1 |
-2 7) g Ly
B = L) P o Py
P ony 11

Value in HU at high kV (150 kV)




AAPM Report No. 204

an
\Y

Size-Specific Dose Estimates (SSDE) in Pediatric
and Adult Body CT Examinations
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Figure 1. The general methodology for the assessment of
CTDlygg is illustrated. The 100 mm long pencil chamber is
placed either at the center or at the periphery of a
polymethyl methacrylate dose phantom. There are two
standard PMMA phantoms, 16 cm and 32 cm in diameter
and both are 15 cm in length. Unused holes are plugged
with PMMA rods. The CTDlyg methods are used to
compute CTDl,y, as described in the text.
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Some studies show that the possibility of performing e GURHDOS ]
a virtual non-contrast imaging permits avoiding a e
whole phase of imaging (as with renal or

angiographic imaging) that could reduce the dose (of
particular interest in patients who require frequent

follow-up CT examinations, e.g., every 6 months). If

protocols are not adapted to remove the non- CTDI
contrast phase, optimal dose savings will not be PMMA
realized. Phantom

A possible efficient way to reduce radiation dose in
CT (third generation DECT) is by adapting the scan
parameters to the patient’s anatomy.

And how about CTDI (routinely Q.A. test performed -
to check the dosimetric characteristics of the \|Penci, Snization
installed equipment)? Is the CTDI procedure chamber

harmonized among manufacturers?

Aims of the task : Review current status of dosimetry
for dual energy CT imaging and identify the
shortcomings



Image from the web

Interventional Procedures

doi:10.1093/rpd /ncv30T

Radiation Protection Dosimetry (2016), Vol. 168, No. 2, pp. 261270
Advance Access publication 25 May 2015

THE CONTRIBUTION OF INTERVENTIONAL CARDIOLOGY
PROCEDURES TO THE POPULATION RADIATION DOSE IN
A ‘HEALTH-CARE LEVEL I’ REPRESENTATIVE REGION
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Patient maximum skin dose in interventional
procedures in radiology and cardiology: summary
of WG 12 activities

Olivera Ciraj Bjelac, Jérémie Dabin, Jad Farah,
Hannu Jarvinen, Francol ise Malchair, Teemu Siiskonen,
Zeljka Knezevi¢

Several types of dosimeters used to estimate patient's skin dose
distribution.

Luminescence detectors GOOD energy and dose response BUT point-
like estimation (risk to underestimate of the maximum skin dose).

Gafchromic® films probably the most convenient and affordable
solution for clinical routine [uncertainty around 20 % (k=1)].

Skin dose alert levels could be set internationally as a function of an
online dose indicator to prevent skin injuries and to identify which
patients require follow-up.

GafChromic® films and TLDs is provides reasonably accurate
determination of the skin dose alert levels but the measurements are
time consuming.

In the future, software-based dose mapping tools may provide a more
user-friendly approach



Phys Med Brol ; 64(9): 095012, do1:10.1088/1361-6560/ab0bds.

VirtualDose-IR: a cloud-based software for reporting organ
doses in interventional radiology

Wanli Huo', Yifei Pi', Mang Feng', Yaping Qi', Yiming Gao?, Peter F Caracappa”, Zhi
Chen'!, X George Xu'-*4

€URADOS

€uropean Radiation Dosimetry Group e. V.

Aims of the WG-12 task group:

1. Better understand the variability of
the organ dose (measurements and
simulations with MCNP,

GATE/Geant4, Py-MCGPU, PHITS and
SESAME)

2. To quantify organ dose changes as a
function of beam/patient parameters

3. Compare with available commercial

software




Defining the radiation “scatter cloud” in the

interventional Suite 10P Publishing | Society for Radiological Protection Journal of Radiological Protection E U R H D O S

J. Radiol. Prot. 39 (2019) 809-824 (16pp) https://doi.org/10.1088/1361-6498/ab2c42

Omar P. Hagqani, MD, Prakhar K. Agarwal, BS, Neil M. Halin, DO, and Mark D. Iafrati, MD, Boston, Mass €uropean Aadiation Dosimetry Group e. V.

Simulation of H,(10) and effective dose
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Total (personalized) dose in Radiotherapy

IGRT (image guided radiation therapy) has
become almost essential in modern
radiotherapy due to the increased use of
highly conformal treatment techniques
using on-board kilovoltage cone beam
computed tomography (CBCT).

IGRT image acquisitions are frequent,
repeated on a daily basis, and include a
volume that is larger than the treated
one.

organs can potentially increase the
chance of secondary cancers and,
therefore, needs to be managed.

- MV X-Ray tube

X-Ray tube |

|
The dose derived from imaging to sensitive L




Medical Physics, 45 (5), May 2018

Image guidance doses delivered during radiotherapy: Quantification,
management, and reduction: Report of the AAPM Therapy Physics
Committee Task Group 180
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C n Figure (a,b) across the irradiated volume for 16 cm (standard scan length), 10 cm, and 5 cm, respectively. The direction of

2 T 1 (e). The peak at the right in (e) represents the dose as the line AB crosses into the sacral vertebral body (bone). Note that
reducing the scan length of the CBCT scan reduces both the maximum dose and the volume that is exposed to radiation. Reproduced from Ding et al.” (Scan-
ning parameters are listed Table I1d).

a) Create local imaging protocols,

including imaging modality, technique,
and frequency, that are suitable for the
imaging requirements of the clinic.
Consulting with a diagnostic imaging
physicist may be helpful in this process.
Develop protocols that are specific for
pediatric patients.

Communicate the imaging dose
associated with IGRT protocols by site
(head, thorax, abdomen, pelvis) to
radiation oncologists. This enables
informed decision-making for selecting
imaging protocols and ensures the
clinicians are aware of the imaging
doses being delivered to their patients.



Aims of the WG-12/WG-9 joint task : cURADOS

€uropean Radiation Dosimetry Group e. V.

1. To establish reliable way to assess the total patient dose
from the whole radiotherapy process to promote the
optimization of patient exposure

2. To analyze the imaging practices in Europe and to provide
guidance on:

a. Imaging dose optimization
b. Imaging practices for selected treatments
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Thank you for your kind attention
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J. Radiol. Prot. 42 (2022) 041501 https://doi.org/10.1088/1361-6498/ac9394
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Feasibility study of computational occupational dosimetry:
evaluating a proof-of-concept in an endovascular and
interventional cardiology setting
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A Almén’, M Andersson’, A Camp’, V Garcia’, M A Duch’, M Ginjaume® (', M Abdelrahman’, P Lombardo’
and F Vanhavere’

Floor to
bottom of
APD: ~150cm

Figure 2. Simplified geometry used in MCNPX simulations.

Figure 5. The APD worn by the main operator, and the approx. position of the APD used for simulations, taking into account the
operators height.

Figure 7. Example of skeleton tracking overlapping (two operators but only one skeleton identified).
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